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(54) Abstract Title 

Centrifugal oil filter with separation funnel arrangement 

(57) A self-powered centrifugal separator for removing 
particulate contaminants from engine lubricant includes a 
rotor cannister 20 which is spun at high speed about a 
vertical axle 15 by ejection of the lubricant supplied to the 
cannister at elevated pressure. The cannister is separated 
into upper separation chamber 33 and lower outflow 
chamber 34 by an annular partition wall 30 which defines a 
transfer aperture between the chambers by its radially 
inner edge. The edge of the partition wall also supports 
concentrically within the separation chamber a separation 
funnel arrangement 50 having an inclined surface 51 
supporting alternate separation ribs 56 and scavenging 
apertures 57. Liquid entering the separation chamber is 
directed radially outwardly and under pressure gradient 
moves inwardly along the inclined surface. The ribs create 
eddies which effect separation of particulate contaminants 
and their deposition at the surface. Centrifugal forces carry 
such deposited materials through the scavenging 
apertures to deposit on the peripheral wall of the cannister. 
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Fig 4(a) 
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Qgntrifugal ^pparation Apparatus 



contaminants. 



.. „ for use within the lubrication systems of vehicle internal 
Centrifugal separators are well known for use wth.n th cor , tamin ants from the 

combustion engines as efficient means for remov.ng very sma ^ ^ $eparators 
constant, recirculate. liquid lubricant Z^^Z^ is supported 

are usually of the self-powered type. ,n wh. h a ^ 

elevated pressure along »' q sajd ion causing lhe rot or canister 

peripheral wall) by way of jet react.cn nozzfcs the ^react ^ ^ 

- *" " t0 T h 3t el -I riT^^n the peripheral walls thereof . The 

from the liquid pass.ng through the can ster ^and gg ^ ^ ^ . n ^ 

tangential to the fastly spinning rotor. 

• , h lh .i the efficiency of separation is inter alia dependant upon the quantity of 
It will be appreciated that the effiaency P 

ssr===r-=--= ===== 

,0 overcome -essence ,0 commencemen. 0,. end oon.inue.ion of. roubon. 

„m=r. ,„ heve the rotor canister divided internally by way of a radially 
T o mis end, i, . an ootnow cnamber in tne vioini.y of *. reaction 

se pa,a.ed from me inpu, tipaid and reamed^ «^» ^ eMniS ,„ „ radially 

pro.ec.od from said separaled conlam.nants by a transfer aped 
inward,, of .be pani.ion wall. ma. is. sorrowing .be ro.a.ion ax.s. 

chamber, usually the upper wall, an array of rad.ally extend g 



extent or length relative to the wall provide strengthening for the canister wall against elevated 
internal pressures and also provide shallow troughs between adjacent ribs whereby liquid which 
enters the canister near to said wall can be accelerated by the ribs both in a circumferential 
direction, that is, the direction about the axis in which the ribs are travelling, and in a radial direction 
towards the outer peripheral side wall of the canister where circumferential speeds are higher and 
centrifugal separation forces higher, although this achieves less than satisfactory results in practice. 

Such traditional designs of rotor canisters, whilst structurally simple and cheap to manufacture 
(particularly relevant when desired as single-use. throw-away, items) are operated below optimum 
efficiency in terms of separation. Patent specification No WO 96/22835 summarises such a typical 
centrifugal separator rotor canister structure and disadvantages thereof, inter alia, notwithstanding 
the presence of such radial ribs at the end wall the tendency for injected liquid to respond to the 
radial pressure gradient and flow lengthwise (axially) along a *short circuit' path close to the rotation 
axis rather than at radially outer regions where circumferential speeds and separation forces are 
stronger, before describing arrangements aimed at overcoming such disadvantages by way of 
structural elements within the canister that constrain the liquid to flow by way of a more radially 
outward part of the canister space. 

The above mentioned specification particularly describes separator rotor canister arrangements in 
which the liquid is injected into the canister separation chamber from the rotation axis towards one 
(upper) end thereof and is passed to the outflow chamber at the other end thereof, also close to the 
rotation axis, but the separation chamber contains a structure including a stack of spaced cones, by 
way of which liquid can flow radially inwardly towards said axial region, and. between the structure 
and end of the chamber an array of radially outwardly divergent channels defined by way of a 
circular array of axially directed, radially extending vanes, formed either as inserts adjacent the 
chamber and/or structure end wall or as ribs pressed from or into the end wall of the container. 

The channels defined between such vanes accelerate the liquid that is newly injected in a 
substantially radial direction into the chamber radially outwardly against the naturally elevated 
pressure associated with rotation, creating a flow path to the radially outer wall of the 
canister/separation chamber from where the liquid of said flow can pass between cones of the 
structure to join the axial flow path adjacent the rotation axis for passage to the outflow chamber. 
Such a canister is intended to effect an improvement in separation efficiency by constraining the 
injected liquid to flow at a variety of radial distances from the rotation axis at different 
circumferential speeds along a tortuous path, said tortuous path increasing the dwell time of the 
liquid within the canister and thereby improving the opportunity for contaminants to separate from 
the liquid flow and deposit on any suitable surface within the canister. 



However, as the above mentioned specification points out. such radial acceleration of the liquid 
introduced into the separation chamber near to the rotation axis and upper end of the chamber is 
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speed and separation efficiency. 

t on vanes and acceleration 

Therefore. I. coniunction with sue, radial,, axia,,, extending °' 

chambers defined thereby. the arrangements hbs or vanes which are 

cones separa.ee from each orher in the axlel d,rection » enefgy t0 the rota „„g 

stated ,o he acted upon b, the radiaii, inwerdt, = - reuum „ ^ ^ 
system umereb, the rotation rate o. th ro. , cams* hig n. pre ssure 
constructions thus deschbed are comp,ex which mus , in par, recover 

generating radia, acceieration system and a separahon cone stru 
energy expended upon said radial liquid acceleration. 

The present inventor perceives the ,iguid "^JZ^.ZZZZZ 
entails as being unnecessarily and inappropnately ^ ^ J inventi0 „ ,„ 

o, en inexpensive and discardable rotor - > « ^„ 

provide, tor a se.-powered central inexpenslve to manutaoture. I. 

impr oved emcienc, over traditiona, ^^'^J^, inc , u ding such struCure and a 
is also an object of the present ,nvent,on to prov,de 
^powered cen.rifuga, separator including such a rotor canister. 

.•„« for a rotor for a self-powered centrifugal 
wording to a first aspect o, the present ,nve 0 «or a otor ^ ^ 

operator tor separahng ^ J^^^l* an operational,, substantia,!, 
pressore . which -r «. ,e, arrange^ ^ ^ ^ ^ 

vertical rotation axis. hav,ng W an . u ^ ^ exlenaing 

displaced trom the axis and a, leas, one end waU. and . n ^ ^ ^ 

f ,di,,,,,nward,,.rom,hepehpheralwa,,d,v,d ng«he oan, « ^ ^ ^ 

a „d tnereo, and an outtov, chamber a, a , *~ ^ 
periphery a transte, aperture betwee ,h « -ho ^ ^ ^ ^ ^ 

chamber including an inle. aperture ,0 adm„ o am n ^ ^ ^ ^ 

me oe.Pow chamber having a, ^^^^L^ arranged to be supported 
from the canister, there ,s provided a rotor separa. ger , erate d about a longitudinal 

co a x,a„y Wthin the ^ I" "ards the rotation axis from an 

upp e, end concentric ~ the separation -^"""^„ ed surface o, the tunne, 
way o, saw inclined surface tnereo. to the transfer -Pe™ ■ nding sep.ra.ion 

axemen, having alternate,, arrayed about the ro, o a » ^ ^ 
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the liquid of the rotating canister that is constrained by the arrangement within the vicinity of the 
•ndbied surface, particulate separation eddy currents operable to deposit particulate materials 
separated from the liquid at the deposition surfaces, said through-apertures comprising scavenging 
apertures positioned in the separation channels and dimensioned to permit said separated 
particulate materials that are susceptible to displacement with respect to the deposition surface by 
the centrifugal forces acting thereon to pass by way of said apertures towards the penpheral side 
wall of the separation chamber below the funnel arrangement, with at least some of the liquid 
flow.ng in the separation channels, said separation funnel arrangement also including return 
aperture means, comprising at least one return aperture, positioned at or near the lower end of the 
inclined surface and dimensioned to permit liquid received into the region of the separation chamber 
below the funnel arrangement by way of the scavenging apertures to flow to said transfer aperture 
between separation and outflow chambers. 

According to a second aspect of the present invention a rotor canister, for a centrifugal separator for 
separating particulate contaminants from a liquid supplied thereto at elevated pressure, includes a 
rotor separation funnel arrangement as defined in the preceding paragraph. 

According to a third aspect of the present invention a self-powered centrifugal separator for 
separating particulate contaminants from a liquid supplied thereto and comprising a housing 
enclosure, an axis extending through the housing enclosure in an operationally substantially vertical 
orientation and a rotor arranged to receive a liquidjat elevated pressure and, in reaction to ejection 
of the liquid therefrom substantially tangentially. spin about the axis at at least a predetermined 
minimum speed to effect separation of said contaminant particles from contaminated liquid therein 
has said rotor as defined in the preceding paragraph. 

Embodiments of the invention will now be described by way of example with reference to the 
accompanying drawings, in which: 

Figure 1 is a sectional elevation through centrifugal separator in accordance with first embodiment 
of the present invention, showing particularly within a housing, and mounted for rotation in a 
clockwise direction about a vertical axis therethrough, a first embodiment of rotor canister, also in 
accordance with the present invention, that is defined radially between an outer peripheral side wall 
and an inner bearing tube, axially between upper and lower end walls and divided by a partition wall 
into a lower outflow chamber, having tangenfially directed reaction nozzles in the end wall thereof, 
and an upper inlet and separation chamber that has inlet apertures in the bearing tube and contains 
a first embodiment of separation funnel arrangement supported on the partition wall and dividing the 
separation chamber into upper and lower parts, the funnel arrangement having an inclined 
deposition surface sloping inwardly and downwardly towards the outflow chamber and arrayed at 
said surface eddy-producing separation ribs and scavenging through-apertures. 
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a ft . an views respectively of the separation funnel 

-r.:^r=;;r zz. - - - - - - - - 

section of Figure 2(b) being a.ong the line B-B of Figure 2(c). 
separation funnel arrangement. 

rotor canister and spaed radial., from the peripheral side watt, 

„ rural elevation thorough a fourth embodiment of centrifugal separator 
Figu re 4<a, . "™^™ ^ cootalning , h e separation funnei arrangement o, 

rssrrr.. _ end - .r--rri: — 
-r : rrrrr rrs - r — r s are 

Pigure m is a perspective view o, the rotdr canister o, Figure ,<a, illustrating the traiiing 
directional nature of the acceleration ribs in the rotor canister end wall. 

(a) - (a) of the Figure. 

.-miter to that of Figure 1 (c). of a fifth embodiment of centrifugal 
Figu r. 5 is a cross section - « < ^ ^ „, ^ accelera tion ribs 

separator can.ster ,n wh.ch the a»al dtscont ^ ^ ^ ^ 

eacb extend between the beanng ^^^^^ flbs . each dtsposed between 
ou ,e, end of said end wal, and an ^ °< '» ,!,„ outer end of the canister end wal, to a 
a pair ot full length ribs, which extend from the rad.ally 



Figures e and , each show in pan —^""^ ^ ^ 

• ,„FiGure 4(c) of an eighth embodiment of rotor canister in 
Figure 8 is a cross-section view. s.m.lar to F.gure 4(c). o g ^ ^ emj 

JL a„ of the acce.eration ribs only extend pan way between the 
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wall and the axle tube, 



Figure 9 is cross-section view, similar to Figure 8, of a ninth embodiment of rotor canister, in which 
the axial discontinuities comprise radially inner and outer arrays of short radial ribs, those of the 
inner array extending substantially straight and radial. 

Figure 10 is a cross-section view, similar to Figure 4(c). of a tenth embodiment of rotor canister in 
which the axial discontinuities comprise alternate depressed and raised embossed regions of the 
end wall that are circumferentially extensive and substantially equally dimensioned, and 

Figures 11(a) and 11(b) are sectional elevation and cross section views respectively, similar to 
Figure 4(a) and 4(c). of an eleventh embodiment of rotor canister in which the axial discontinuities 
are defined on a discrete carrier member overlying the end wall as circumferentially thin vanes, the 
carrier member comprising part of the separation funnel arrangement. 

Referring to Figure 1 a centrifugal separator 10 of the type used with an automobile internal 
combustion engine comprises a housing enclosure 11 formed by a base 12 and removable cover 13 
and between which base and cover extends, along an operationally substantially vertical axis 14, a 
fixed axle 15 that serves to retain the cover with respect to the base in a fluid-tight manner. The 
axle includes a supply duct 16 along a part of its length and provides passage for engine lubricant, 
delivered thereto at elevated pressure by the eng : = lubricant pump (not shown), to ports 17 which 
open into the housing enclosure. The base 12 is shaped such that it provides a gravity drain into 
the engine sump (not shown) for liquid in the enclosure. 

The axle 15 supports for rotation thereabouts a rotor 20 which comprises a canister for containing 
the liquid lubricant and, in known manner, is arranged to receive said lubricant from the axle ports at 
said elevated pressure and eject it from substantially tangentially directed reaction nozzles such that 
the rotor canister spins at such speed as to effect centrifugal separation of particulate contaminants 
from the liquid passing therethrough. The rotor canister 20 comprises an outer peripheral wall 21. 
including axially extending peripheral side wall 22 displaced from the axis 14 and radially extending 
upper and lower end walls 23 and 24 respectively, and an inner peripheral wall 25 comprising a 
tubular member fixed to and extending between said end walls. The tubular member 25 is 
deformed to locate it with respect to through-apertures in the end walls and is arranged to carrv 
bearing bushes 26. 27 at its ends to support the rotor with respect to the axle for rotation thereabout, 
and is consequently referred to also as a bearing tube. The bearing tube has therein apertures 28, . 
28 : ... which direct lubricant delivered by the axie supply duct 16 into the container near to the 
upper end wall 23 rather than any other part of the housing enclosure. 

The upper end wall 23 and peripheral side wall of the canister are formed integrally from a single 
sheet of metal drawn into the canister shape and secured to the lower end wall 24 by peripheral 
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folded seam 29. 



•„i 0 rn a i oartition wall 30 extending radially inwardly 

M, the seam 29. o, which « . convene a part. • P ^ ^ ^ „ .„ 

partition wan 30 serves <o divide the canrste ^ ^ ^ wilh 

znrs. ::cz z «. *— - - — » ^ p " pn ^ a 

«nX a.erture 38 between me separation an, outflow chambers. 
The uppe , end - 2, * - - - 

0( rawing me contained wan ,0 sha P e. an , P-«* - P surface 23s of the «.„. o, 

pressed unidirectional!, with drawing of the container wall. 

The centrifuge, separator and ,0,0, canister as «nos far deseed a,e conventional. 

L ,o,d flowing ,n,o me u PP er region 0, the se P ara,,on » 
ele oa,ed P resaure encoun.ars within one liguid M chamber • » P 9 uppef e „ d 

lM ,„ t a tl n g ^,.so,na,son,eonn. 1 ,do = a J"^^ ^ are highe , and 
«,„ 23 10 me radially outer regions where th . I ^ radia , dlstance before taming <o 

sepa ,a,ion more emcien, and - ,e,o tne go t e.es ^ ^ ^ ^ ^ ^ a 

now towards me transfe, aperture 38 That ,s. axra,,, p o( ^ 

radial,, inwa,d now tendency c, .he liqu,d caused by the presso 

transfer aperture. 

,, v , mere is provided within the totor canister a rotor separation 
«*« 3150 10 2(3) '° ' , I s whToh is arranged ,0 be supported coaxiaii, wilhin me 

tonne, arrangement, indicated generally a, S0£* - J ^ gcnera , ion 

sep ara,ion chamber 33. that is. share a ' 5|<>pes d(wnwar o,» 

„ r ,bo tonne,. The separation ,onne, arrangeme , has an n iaward ,,,acing. trom 

, w3 tds me rotation axis U. ,ba, ..the da wa „ 22 an b upper end 

T~ a lower end S3 aperture: ^^^^ZTT, The 

inclined surface ,0 the transfer aperture 38 Oetwee v ^ ^ o( 

.Clined surface St -e upper end 33 

. _ » t Kp common roiautm <a^u 
substantially consfan, included angle a. the „ ereb> w said concentricty 

— ~~ — » -^.T^ - high rotation speed 
and relatively insensitive to any out-of-balance 



Th lower end 53 « coextensive with, and in line with, the transfer aperlure and the f unnel 
anangement is supported by the partition wa.« 30 by way of axia..y extending ,eg members 54 
exte d,ng ,nto the transfer aperture. The funne, arrangement 50 is mou.ded from pities material 
and the leg members have moulded therewith resilient detent .ugs 55. arranged to latch over the 
end of the partition wall that surrounds the transfer aperture. 

The funnei arrangement also has. at the inclined surface 51. a plurality of upstanding separation 
nbs. md.cated generally at 56. and through apertures, indicated generally at 57. arranged alternately 
about the rotation axis. y 

The separation nbs 56, 56, 56 3 ... extend in a direction between the upper and .ower ends of the 
funnel arrangement in a direction substantially parallel to the rotation axis and define between 
adjacent nbs separation channels 58, 58, 58 3 ... in which the inclined surface forms deposition 
surfaces 59, 59, 59 3 ... including the through-apertures 57. 

The separation nbs are formed integrally with the inclined surface 51 as part of the mou.ded body 
and ,„ a circumferential direction, that is. in a direction around the axis 14. are each thin in relation 
to their height and .ength orthogonally thereto. The length of each rib, such as rib 56. is defined by 
arcumferentia.lv facing side walls 56/ and 56,- ; that extend substantially perpendicu.arty to the 
mchnad surface 51, ribs being of such height with respect to the adjacent deposition surfaces 59, 
58, ... as to create within .iquid that is constrained by the arrangement within the vicinity of the 
indmed surface particulate-separation eddy cunents of a strength to encourage separation of 
part,cu,a te materials from the liquid and deposit such separated materials at the deposition 
surfaces. In this respect it has been found that separation ribs that are axia.ly extending and have 
steep, crcumferentially facing side walls perform well in effecting particulate separation. 

The through-apertures 57 comprise scavenging, or particulate clearance, apertures positioned within 
the respective separation channels 58, 58 ; ... . In this embodiment there are two holes in each 
cnanne. positioned and dimensioned such that particulate materials, separated from the liquid and 
settlmg on the deposition surfaces 59, 59 : .... but also susceptible to displacement with respect to 
those surfaces by a.ong-surface components of centrifugal forces acting on the materials can pass 
by way of said apertures towards the periphera. side wall 21 of the separation chamber below the 
separat.cn funnel arrangement. That is, the apertures serve to effect scavenging of deposited 
materials from the deposition surfaces. 

The ease or difficulty with which such deposited particu.ate materials are scavenged from these 
parts of the inclined surface by such centrifugal forces depends upon the nature of the materials 
that is. how well they adhere to the surfaces and/or each other, and upon the angle of inclination of 



the surface. 
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, seoarale from the liquid in the vicinity of such 
Clearly any particu.ate materiais tending to P ^ ^ ^ q{ ^ ^ flowjng in 

: r-rr rr.rr--, ~- - — — — - 

M „ec,ed on me penphera, side wa» 2, in me usuaf manner. 

r v. .hat is fed into th. upper region of the separation 
„ „,„ be appreciated ma, if a„ of me «. d U- s <ed ^ ^ ^ M 

aU a. radia,,, ou,e, regions beiov, me 

srr^^^--- — separa,ion - 

,o a— a degree o, ~ trET^T » - 

rsrr^^ ~ — - - - - - - — 

surface. 

. , cms circumterential width about me inclined surface 

The return apertures are dimensioned, m ton*. . ^ ^ q( , m separall0 „ 

ral n,, man axia, neigh, aiong it. ,o penrr. i gu, rec» ^ ^ ^ j8 

chamber by wa, 0, me scaveng.ng apertures « n ^ ^ fcy ^ „, sald 

separation and ourfrow chambers „ chamber is governed bv ,he area o, me 

scavenging apertures and ,o«, rag.on oV he sep ^ ^ ^ „ 

„ be seen ,ha, me presence o, me "J^^ZTZ^^Z 
separation rtds aiigned vri.h me re.um ,„„ fetum aparture s pern* I or read, 

inning ribs (SS,. 5 S S "so. - P-« * le , 5 and weir terminating 

voiding o, me funne, anangemen, as , . un dw t J Jf ^ ^ apenijres „, m 

c,,en, tugs termed b, wa y o, a mou,d wh,tf , ca r »e . a nd ^ ^ ^ ^ 

an axia,. mouid-reieasing. direction. „ axial section to .actuate such 

. « a unitary body from plastics material is 
enough such mou,d,ng o, me ^ '"^"J, ma, IU be assembled trom d.scre.e 
convenient and relatively .inexpensive, it will PP 
parts and/or formed from different materials. 



Likewise, the numbers, dispositions and shapes of the component parts may be varied to suit the 
obvous ones being the number and dimensions of the separation ribs and scavenging apertures 
and the angle of inclination of the inclined surface 51 In particular, the inclination with respect to the 
depos,t,on surfaces of one or both of the circumferentially facing sides of the separation ribs may 
vary, as may the height and widths of the ribs and their direction between the upper and lower ends 
of the funnel arrangement. 

It will be appreciated that the size of the scavenging apertures is dictated by the need to permit the 
passage of particulate materials, separated out of the liquid by the actions of the separation ribs 
without the apertures becoming blocked thereby, at least until the accumulation on the peripheral 
side wall below the funnel arrangement occludes them. To this end. the inclined wall 51 of the 
funnel arrangement may be of a highly perforated, or mesh-like material, having suitably sized 
scavenging apertures and with the separation ribs overlying some of the apertures if necessary. 

It will be appreciated that the surface may be other than conical, such as dished or bowl-shaped 
The lower end of the funnel arrangement may also be adapted such that its relationship with the 
partition wall 30 and transfer aperture 38 differs. 

Referring to Figure 3(a), in a sectional elevation through a second embodiment of centrifugal 
separator 70 including a rotor 71. both of which are generally similar to those shown in Figure 1 . the 
rotor separation funnel arrangement 75 has its upper end 76 in contact with the outer peripheral wall 
and has at its lower end 77. a circular aperture 78 that is smaller than that defined by the partition 
wall 30 such that the funnel arrangement sits in the erstwhile transfer aperture by virtue of its 
truncated conical shape and defines the effective transfer aperture by the dimensions of its lower 
end aperture 78. 

Referring to Figure 3(b). in a third embodiment of centrifugal separator 80 including a rotor 81. both 
of which are also generally similar to those shown in Figure 1, the rotor separator funnel 
arrangement 85 has its upper end 86 also held concentrically by contact with the peripheral side wall 
but has its lower end 87 formed to surround, and support the arrangement in relation to, the bearing 
tube 25 such that the inclined surface part 88 is axially spaced above the end of the partition wall 
and an annular return aperture means 89 is defined thereby between them. Instead of the lower end 
of the inclined surface terminating in a circular opening which surrounds the bearing tube and forms 
an annular aperture coextensive with the transfer aperture 38 defined by the partition wall, the lower 
part of the inclined wall has a functionally equivalent plurality of through-apertures 90 arrayed about 
the bearing tube. 

In all of the above-described embodiments the upper end 52. or 76, or 86 of the inclined wai! of the 
funnel arrangement is dimensioned to make contact with the peripheral side wall of the cancer. 
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concentrically and no, liable lo introduce °*-°<*>»™"™Z^ He up indeterminate on the 
of operation, particularly as depos.ts of separat P ^ 

nd does not have to 

„n surface before scavenging. I, « <-el arrangement 

^.^--^*-»^TZ,U the peripheral wall by supped 

;:r .tizr. ■ ~— - - — — ■ - - — 

totally without an, support from the peripheral wall. 

,„„. _ av pe held concentrically by contact with the 

Lilcewlse the upper end of the funnel arrangement alteration ribs 

up per end wal, rather than the periphera, side w,l, notwt, Und. ,» ^ - ^ 

* Such a deration -J- ■ — ^1- — " * ' ^ 
separator to o, Ftgure ,. The rotor 20 h J „„„„ mitn llie surface 23 s 

included angle a- the upper end 5 2 «*- ^« ^ wiffi acce|efatlon ribs 40 . the upper end 

be prof.led to fit around such ribs if des.red. 

suc „ an embodiment in which the upper end o, the 

.the canister end wa„ ma, «nd ^'^'^"TST^e^. in remaining 
d„assemb,y. cleaning and ^ M . nan , depos „s aggregate, avoids 

soaced from the penpherai side wan upu 

eZmen. by such aggregated deposits and difficulties o, di,assemb„. 

, ,v.„ ribs 40 provided by axial discontinuities in the canister 
AS mentioned above, the ,„uid accelerauon * 40*» y ^ ^ ^ 

n.rr==;;:r. r ; 

s5sssskks== s:i » : 

such particulate-separating eddy currents are created. 

omnlnved .hev function not only to strengthen the walls 
Where such ribs 40 or their equivalents are employed, they fu ^ 

r.r;\rr«r.r;:r;r= - ~ ~ - - - 

length of the inclined surface. 



However, overcoming such radial pressure gradient that exists within the rapidly spinning rotor 
canister to drive liquid towards the outer peripheral wall means that such radially-extending 
acceleration ribs increase the amount of liquid at the high-pressure, radially outer region, at the 
expense of absorbing energy from the rotating canister system to accelerate the liquid, with a 
consequential reduction in the rotation speed. 

Co-pending application No. 9718564.9 describes a self-powered centrifugal separator systems in 
which the rotor canister has at the end of the container opposite the outlet chamber, at the internal 
surface thereof, an array of axial discontinuities each extending radially and with at least some of 
said axial discontinuities also extending circumferentially such that at their radially outer regions 
they are displaced circumferentially with respect to regions radially inwardly thereof in a direction 
that is trailing with respect to the rotation direction of the rotor that results from ejection of liquid of 
the canister. 



Such a rotor canister end wall structure is believed particularly advantageous in combination with 
the above-described rotor separation funnel arrangement as it effects a gentle acceleration of newly 
injected liquid to the radially outer region at the junction of end wall and outer peripheral wall and 
extracts less energy from the rotating canister in doing so. 

In a fourth embodiment of centrifugal separator 100 in accordance with the present invention, shown 
in sectional elevation in Figure 4(a). the rotor canister therefor 120 is also shown in partly-cut -away 
perspective view in Figure 4(b) and in cross-section view in 

Figure 4(c). the Figure 4(c) being along the line (c)-(c) of Figure 4(a) and the Figure 4(a) being 
along the line (a)-(a) of Figure 4(c). 

Those parts of the separator and rotor canister which correspond to the separator and canister of 
Figure 1 are given like reference numbers and are not described further. The peripheral difference 
is that the radially extending axial discontinuities 40 of the rotor canister 20, that define acceleration " 

ribs are replaced by an array of acceleration ribs 140,. 140 2 also formed by embossment of the 

end wall, and between which are defined acceleration troughs 141,. 141 2 . 141 3 ... 

The acceleration ribs extend between the radially inner and outer edges of the end wall, as defined 
by the junction with the peripheral side wall 22 and bearing tube 25. having not only a radial 
component of direction but also a circumferential component as a smooth and consistent curvature 
along their entire lengths such that at their radially outer regions they are displaced circumferentially 
with respect to regions inwardly thereof in a direction that is trailing with respect to the rotation 
direction of the rotor canister that results from ejection of liquid lubricant from the container Locked 
at alternatively, the radially outer regions are displaced with respect to the radially inner regions in 
the same circumferential direction as liquid is ejected from the outflow chamber by way of the 
reaction nozzles. 
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p, „ a , of these radian, ou,er regions of me separation 
path as discussed above. 
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preferably, the curvature o. ,he (whicn is 5ut ,s,an„a», constant a, engine 

conditions 0, opera.ion. namely ^^ZZU me canisrer. such ,ha, me tubrican, 
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Punhermore. in Keeping wi,h ma smooth ,rans,„o he o ( ^ ^ a „ d , he 
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innar extremities may reach me beanng u b - ^ ^ _ said , rai ,.,„ g c „ cumfefe „ lia , 
a „ d in the same direction as new M - ' - 



direction. 
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It will be appreciated that there are a number of ways in which such trailing circumferentia. 
curvature of the axial discontinuities may be achieved, both in terms of the shape and disposition of 
the discontinuities. 

Referring now to Figure 5. which is a cross section view similar to Figure 4(c) of a fifth embodiment 
of a rotor canister 150 differing in that in this second embodiment the canister end wall 151 has at 
■ts mtemally facing surface 15t. axial discontinuities comprising an array of full-length acceleration 
nbs 152,. 152 2 .... extending between the radially outer and inner edges of the end wall as 
described above, and between pairs of adjacent ribs, an array of short acceleration ribs 153, 153, 
... wh.ch at the outer edge of the end wall conform to the curvature of the full-length acce.eration' 
nbs but which have their radially inner ends spaced from the radially inner edge of the wall and 
bearing tube. 

Referring to Figure 6, in a sixth embodiment 160 seen in cross-section view similar to Figure 4(c) 
the mterna. surface 161 s of end wall 161 carries full-length ribs 162,. 162, ... whose curvature is 
such that at their radially inner extremities they are substantially tangential with respect to the inner 
edge of the end wall and the bearing tube thereat. 

«n Figured in a seventh embodiment 170 that is generally similar to the embodiment 150 the end 
wall 171 has at its internal surface 171, full length acceleration ribs 172, 172, which are 
•nterspersed with short acceleration ribs 173,. 173 3 .... but wherein the fu.Mength acceleration ribs 
term.nate substantially tangentially with respect to the bearing tube. 

In an eighth embodiment of rotor canister 180 shown in Figure 8. a., of the axia. discontinuities a. 
surface 181, of end wall 181 are formed by radially short acce.eration ribs, there being a radially 
-nner array 182, 182 2 , 182 3 ... being surrounded by a circumferentially offset radially outer array of 
acceleration ribs 183,, ,83,, 183 3 ... . The extremities of the acceleration ribs are shown in radially 
overlapping relationship but this may be considered optional. 

Referring to Figure 9. in a ninth embodiment of rotor canister 190, the axia. disp.acements formed 
at the end wall 191 and in the internal (to the canister) surface 191, thereof comprise an outer array 
of short acce.eration ribs 193,. 193, corresponding to ribs 183, ... and an inner array of short 
acceleration nbs 192,. 192, ... which extend for a short distance in a radial directs with little or no 
tra.hng curvature. The radiallyinner. straight acceleration ribs guide the liquid that enters the 
canister in a substantially radial direction to the mainly curved troughs 194,. 194, . ... between 
adjacent acceleration ribs of the outer array. 



as a cross-section view 

,o«ards M - — ™ *"> " ' ntema ' 5 T de " s»d an, raised regions 203,. 203= ... and 
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sneel o, sui.ad,e ma.edai. „ identica , „ me .unnei arrangemen, 50 

separa«d. f udne,a,an a emen,2S0wmed ^ ^ ^ ^ „ assembled as a 

described above, and may. ,f praccab^ 

oni.ary sud-assembiy peer ,e disposmg ,n me separah 

Tne ambers. ,eng«rs and cu.a.ures d, ^^^^Z^Z^>- 
Ls described aboue.ua.m.iu ein.m ere . m exne^ ^ ^ ^ ^ ^ „ , 

...hough i. is eenvenien. .or sued acce er a ^ 
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5ubs tantia„y along the whole of the, exte ^ ^ straighl , and , f any ax 

component pan of length may be very ^ ^ or nearly . stra i g ht segments 



inclined with respect to each other so as to give, along the whole length, an effective curvature in 
said circumferentially trailing direction. 

It will also be appreciated that although all of the above described embodiments have featured a 
centnfugal separator rotor canister in which an inner peripheral wall is defined by an apertured 
bearing tube 25 that rotates as part of the canister about the axle 15. and which bearing tube 
conveniently defines the radia.ly inner edge of the end wall 23 from the point of having axial surface 
projection, the rotor canister man be formed without such tube and with the bearing bushes 26 27 
mounted directly in the canister end walls so that, the axle 15 defines a stationery inner wall of "the 
canister and the supply ports 17 open directly into the separation chamber of the canister. 

Although in all of the above embodiments the centrifugal separator has been shown with the rotor 
committed to rotation about the ax.e in a clockwise direction and the axia. discontinuities 
crcumferentially displaced to suit, it will be appreciated that the rotor canister may be arranged to 
have the reaction jet nozzles oppositely directed whereby it undergoes rotation in an anti-clockwise 
d,rection about the axis, and with any circumferential displacement of the radially outer regions of 
the axial displacements also oppositely directed from that illustrated. 

It will also be appreciated that the rotor separation funnel arrangement and the provision of such 
non-radial axial displacements is not limited to rotor canister of the sealed or discardable type and 
may be employed with different types of canister construction that are known in the art and permit 
dis-assembly for cleaning and the like. 
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CLAIMS 



For a rotor for a self-powered centrifugal separator for separating particulate contaminants 
from a liquid supplied thereto at elevated pressure, which rotor comprises a canister, 
arranged to spin about an operationally substantially vertical rotation axis, having (i) an outer, 
peripheral wall including a peripheral side wall displaced from the axis and at least one end 
wall, and (ii) an internal partition wall extending radially inwardly from the peripheral wall 
dividing the canister into a separation chamber at an upper end thereof and an outflow 
chamber at a lower end thereof and defining at its radially inner periphery a transfer aperture 
between the separation and outflow chambers, said separation chamber including an inlet 
aperture to admit contaminated liquid thereto from the rotation axis and the outflow chamber 
having at least one nozzle spaced radially from said rotation axis to eject liquid from the 
canister, 

a rotor separation funnel arrangement, arranged to be supported coaxially within the 
separation chamber, having an inclined surface, generated about a longitudinal axis common 
in use with the rotation axis, and sloping downwardly towards the rotation axis from an upper 
end concentric with the separation chamber to a lower end apertured so as to direct liquid by 
way of said inclined surface thereof to the transfer aperture, 

the inclined surface of the funnel arrangement having alternately arrayed about the rotation 
axis a plurality of upstanding separation ribs and through-apertures, said separation ribs 
extending in a direction between the upper and lower ends of the funnel arrangement and 
defining between adjacent ribs separation channels in which said inclined surface forms 
deposition surfaces including said through-apertures, 

said separation ribs being of such height with respect to the deposition surfaces to create, in 
use within the liquid of the rotating canister that is constrained by the arrangement within the 
vicinity of the inclined surface, particulate separation eddy currents operable to deposit 
particulate materials separated from the liquid at the deposition surfaces, 
said through-apertures comprising scavenging apertures positioned in the separation 
channels and dimensioned to permit said separated particulate materials that are susceptible 
to displacement with respect to the deposition surface by the centrifugal forces acting thereon 
J^oas^by way of said a pertures towards the peripheral side wall of the separation chamber 
below the ujnne^rT^ngemfrT 
channels, 

said separation funnel arrangement also including return aperture means, comprising at least 
one return aperture, positioned at or near the tower end of the inclined surface and 
dimensioned to permit liquid received into the region of the separation chamber below the 
funnel arrangement by way of the scavenging apertures to flow to said transfer aperture 
between separation and outflow chambers. 
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2. A rotor separation funnel arrangement as claimed in claim 1 in which the upper end thereof is 
dimensioned to contact in use the outer peripheral wall of a said canister within the separation 
chamber and be constrained to concentricity thereby. 

3. A rotor separation funnel arrangement as claimed in claim 2 in which the upper end thereof is 
arranged to make said contact with a part of the peripheral wall defining an end wall of the 
canister and radially inwardly of the peripheral side wall. 

4. A rotor separation funnel arrangement as claimed in any one of claims 1 to 3 in which it is 
arranged to be supported in use by the partition wall of the canister. 



5. 



6. 



9. 



10. 



11. 



A rotor separation funnel arrangement as claimed in claim 4 in which the operationally lower 
end. apertured coextensively with, and in line with, the transfer aperture. 

A rotor separation funnel arrangement as claimed in claim 5 including the axially extending 
leg members arranged to extend in use into the transfer aperture and support the separation 
funnel arrangement on the partition wall. 

A rotor separation funnel arrangement as claimed in claim 6 in which the return aperture 
means comprises an array of axially and circumferentially extending apertures disposed 
between said leg members. 

A rotor separation funnel arrangement as claimed in claim 7 in which at least some of the 
separation ribs are aligned circumferentially with the leg members and said return apertures 
and are of shorter length than intervening separation ribs. 

A rotor separation funnel arrangement as claimed in any one of the preceding claims in which 
each of the separation ribs in a circumferential direction is thin in relation to its height and 
length orthogonally thereto. 

A rotor separation funnel arrangement as claimed in any one of the preceding claims in which 
said separation ribs are arranged to have circumferentially facing side walls extending 
substantially perpendicularly to said inclined surface. 

A rotor separation funnel arrangement as claimed in any one of the preceding claims in which 
each of said separation ribs extends in a direction between the said upper and lower ends of 
the funnel arrangement substantially parallel to the rotation axis. 
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,„„„., arranged, as Calmed * 3", one of .he preceding — - -* 

A rotor separafion funne, a— as Calmed :a - « - - » -~ ' "« 
moulding. 

^ • 17 or claim 13 in which the unitary 

14 A rotor separation funne, arrangement as claimed ,n cla.m 12 
moulding is moulded from plastics rnatenal. 



12. 



13. 



15. 



16. 



17. 



18. 



19. 



* me nt as claimed in claim 13 or claim 14 when dependent 
A rotor separation funne. arrangement as da ^ iocate ^ 

upon claim . in which the leg ^J^^Z^ the transfer aperture, 
funnel arrangement in use with respect to the part** 

d • any of the preceding claims in which 
A ro,or separation funnet arrangement as Catme . ^ ^ ^ ^ 

each o( the scavenging apertures is arranged 

^U*- » - > - °< arrangeme 

as claimed in any one of the preceding claims in which 
A rot0 r separation funne, anangemen, as ^ ^ ,„ „„ e 
there are a plurality of scavenging apertures in each sep 
between said upper and lower ends o, the funne, arrangement. 

- m .nt as claimed in any one of the preceding claims in which 
A rotor separation <-«^ constant included angle, 

the deposition surface extends as a cone or 

rotor for a self-powered centrifugal separator for 

A separation funnel arrangement for a ^ said 

separating particulate contam.nants ^ ^ refefence to the 
separation funnel arrangement be.ng substantia^ 
accompanying drawings. 

„g u id suppfied thereto a. eieva.e P ss ^ ^ ^ ^ ^ ^ ^ ^ e „, 

penphera, wall including a peripheral . arte ^ ^ djvi<J .„ g ,„ e 

canister into a separation cnamoe, ''"j; _ and ou ,„ 0 „ " said separation, 

pehpher, a transfer aperture ' co „ tami „ ated liquid mer eto from the rotat.on 

Camher including an inlet aperture to ad ^ ^ sa|d 

attis and the outflow chamber having H a »• ^ 3ccording , 0 

a, s ,o eiec, liguid from .he cants , a d a 0, P 
an, one of the preceding cla.ms w.th.n the sepa 
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21. 



can t SePar " 0r r °'° r " daimM Cla ' m 20 indU * 3 * "» «- «» of the rotor 

canrst.r opposrte the „ ut ,e, chamoer. a, in,,™, surface , herM , a „ J ° 

—ties each extending radiaity „ , easl some 0( said ^ ^ ' ° ™ 
extending orroomferantiaii, such tha, a, tneir radia,, y outer regio „ s lney are 

T*"* "** ' eSMa 10 «*»» «— * -ferao, in a direcon a, i , „ 0 

-respect ,o „. ro ,a,,„ direction o, una roto resuits „ am a^ion „ £ ' ^ 



22. A can tnroga, separator rotor as Calmed in Caim „ ,„ whicn „ , eM| some 
d,scon„nu,„es are smoo,„, y an. consistent,, curved aiong their entire radia, tengths 

ax a T SePar2,0r ,0, °' " d3imed C ' aim 2 ' °' C ' aim 22 *«* « ■« —a or the 

^ '7 ^ adiaCe *" ^ °«" «*• « - « «- ,0 adiac n 

the radially inner edge of said wall. •""jacent 

24. A centrifugal separator ratcr aa claimed in any ana o, claims 2, to 2 3 ,„ w„, ch a, teaa, some 
. sard axrai drscontinuities e*end in said radia, direction such tna, a, teas, one of the 

r rr;r " ~ - - ~ -» - ~ 

25. A centrifugal separator rotor as claimed in a 0 y one of Cairns 21 to 24 in which the axial 
discont.nu.ties are formed by embossments in the end wall. 



26. 



27. 



A cen.n ugat separator rotor as claimed in Calm 25 in whic „ said embossments com 
acce ,ra„o„ ribs of retatively nanow Md ,n in a circumferentia, direction and raised „T 9 h 
wrtin respect to aa,d container and wa„ axiaiiy ,»«,„,„» of , ne cham6er formed by ^ J 9W 

subsTantT T"°' r °'° r " **" 26 "** ' he 3 — "™ *» « - 

strengthen,,^ rids for the said end wall of the container. 

28. A centrifugal separator rotor as claimed ih any one of claims or m oa ■ k- 

~r . .. 7 ciaims 21 to 24 in which thp axial 

rscon rnortres are roomed dy discrate acceleration vanes o, tnicxness in a circj aren 
dtrecon much tass tha, their tength. d.sposed on or adjacent me surface of the end watt. 

29 A cenrrifuga, separalo, rotor as claimed ,n claim 2 a in which said axial d, S co„„n„i„es ara 
draposed on a earner member adiacent to. and ouerf y ,ng. said end „,,,. and extend on said 
earner in said axial, radial and circumferential directions. 



lamed in claim 29 in which the carrier is formed as a unitary 
A centrifugal separator rotor as clam* » cl a m 2 
structure with the separation funnel arrangement. 

e of claims 21 to 30 including axial 

:,^r:/r— a rcr- ~ - - - - — - - * a 

substantially radial direction. 

. , aims 21 to 30 in wnicn at least some 
A centra, separator rotor as ,„ e , 3ClicaUy ,„„„ edge o< me end wait 

„ said a»a, discontinuities which letm.na e ad acent 
extend, a. their termination trailing circumferential!,. 

, n , separating particulate contaminants from a 

with reference to the accompanying drawings. 



4. 



« narticu.ate contaminants from a liquid supplied thereto 
A centrifugal separator for separate P£» ihrough me housing enclosure in an 

compnsing a housing enclosure an x * ^ ^ ^ § ^ at 

operationally substantially vert.cal onentah n^ 

elevated pressure and, in reaction to -1^^ speed to effect separation of said 
spin ahout the axis at at -east J«* -ing as claimed in any one 

contaminant particles from contam.nated hq 



of claims 21 to 33. 



35. 



01 ciaimo <- ■ * 

t nn oarticulate contaminants from a liquid supplied thereto 
A centrifugal separator for separ t,nc ^ w , referenC e to the accompany.ng 

at elevated pressure. substant.ally as here.n 

drawings. 
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